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NASA FY 2002 Performance Plan
Background and Introduction

The Government Performance and Results Act

The Government Performance and Results Act (GPRA) was passed by Congress and signed by the President in 1993. GPRA was
enacted to improve the efficiency of all Federal agencies, with the following specific goals:

Improve Federal program management, effectiveness, and public accountability
Improve Congressional decisionmaking on where to commit the Nation’s financial and human resources
Improve citizen confidence in Government performance

GPRA directs Executive Branch agencies to develop a customer-focused strategic plan that aligns activities with concrete missions
and goals. The Act directs agencies to manage and measure results to justify Congressional appropriations and authorizations.
One hundred and eighty days after the completion of the fiscal year, agencies report on the degree of success in achieving the goals
and performance measures defined in the strategic and performance plans. NASA’s second Annual Performance Report was
furnished to the Congress in March 2001, covering the performance in FY 2000.

NASA’s Strategic Management System

Processes within NASA’s Strategic Management System provide the information and results for GPRA’s planning and reporting
requirements. This system is defined in the NASA Strategic Management Handbook (NASA Procedures and Guidelines 1000.2,
February 2000). Strategic Management Elements are depicted in the handbook (Figure 1-2) illustrating the hierarchy of
documentation for the Strategic Management System (Agency--Enterprise--Centers--Program/Project--Employees).

The NASA Strategic Plan (NASA Policy Directive 1000.1b) defines the vision, mission, and fundamental questions of science and
research that provide the foundation of the Agency’s goals. The Plan describes five Strategic Enterprises that manage the programs
and activities to implement our mission, answer fundamental questions, and provide service to identified customers. These
Strategic Enterprises are the: Space Science Enterprise, Earth Science Enterprise, Human Exploration and Development of Space
Enterprise, Biological and Physical Research Enterprise and Aero-Space Technology Enterprise. The support systems for the Strategic
Enterprises, defined as Crosscutting Processes, are: Manage Strategically, Provide Aerospace Products and Capabilities, and
Communicate Knowledge. Interested readers may access NASA'’s Strategic Plan at the following website:
http://www.hqg.nasa.gov/office/codez/new/

The FY 2002 Performance Plan reflects the newly released Strategic Plan. In the NASA Strategic Plan, the vision and mission
statements of the Agency are articulated. We reprint them here for the convenience of the reader.
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NASA Vision Statement

NASA is an investment in America's future. As explorers, pioneers, and innovators, we boldly expand
frontiers in air and space to inspire and serve America and to benefit the quality of life on Earth.

NASA Mission Statement

* To advance and communicate scientific knowledge and understanding of the Earth, the
solar system, and the universe,;

 To advance human exploration, use, and development of space;

« To research, develop, verify, and transfer advanced aeronautics, space, and space
technologies.

Outcomes of NASA’s Activities

Government investment decisions on funding for space and aeronautics research and technology cannot be made knowing in
advance the full benefits (“outcomes”) that will accrue from making the investments. Nor, can the timetable be known as to when
these benefits will be realized. However, we can identify how the outcomes of NASA'’s activities contribute significantly to the
achievement of America’s goals in four key areas:

Economic growth and security — NASA conducts aeronautics and space research and develops technology in partnership with
industry, academia, and other federal agencies to keep America capable and competitive.

Educational Excellence — NASA involves the educational community in our endeavors to inspire America’s students, create learning
opportunities, and enlighten inquisitive minds.

Peaceful Exploration and Discovery — NASA explores the Universe to enrich human life by stimulating intellectual curiosity, opening
new worlds of opportunity, and uniting nations of the world in this quest.

Preserving the Environment — NASA studies the Earth as a planet and as a system to understand global climate change, enabling
the world to address environmental issues.

Performance targets supporting the first three outcomes can be found in all of the Enterprises and Crosscutting Processes.
Performance targets supporting the preservation of the environment can be found in the Earth Science Enterprise.
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NASA'’s Fiscal Year 2002 Budget

The NASA FY 2002 budget request supports the President's commitment to support NASA's space and aeronautics program. This
budget will support the Agency's priorities as defined in the President’s Blueprint for America. It will also support NASA's near -
term priorities to fly the Space Shuttle safely and build the International Space Station. NASA's longer-term investments in
America’s future—developing more affordable, reliable means of access to space and conducting cutting-edge scientific and
technological research are also supported.

The successful execution of NASA's strategic goals and objectives is contingent on receipt of the requested appropriations, as well as
the provision of funds, materials, or services which have been committed to the cooperative agreements or partnerships that are
referenced in this document. The parties to these agreements include: foreign governments, other Federal Agencies or
Departments, and commercial entities.

Fiscal Year 2002 Estimates
(In millions of Dollars)

EY 1999 EY 2000 *EY 2001 EY 2002
NASA Total Budget 13,653 13,602 14,253 14,511
SPACE SCIENCE 2,119 2,194 2,321 2,786
EARTH SCIENCE 1,414 1,443 1,485 1,515
HUMAN EXPLORATION AND DEVELOPMENT OF SPACE** 6,123 6,259 6,286 7,296
AEROSPACE TECHNOLOGY 1,339 1,125 1,404 2,376
BIOLOGICAL & PHYSICAL RESEARCH*** 361
MISSION SUPPORT/0OIG/ACADEMIC PROGRAMS 2,658 2,581 2,757
OIG/ACADEMIC PROGRAMS 177
CIVIL SERVICE FTEs**** 18,469 18,375 18,954 19,005

*Reflects 3/1/01 Operating Plan

** Includes Human Space Flight, Biological & Physical Research, Mission Communications and Space Communications Services
and Space Operations. Beginning in FY02, the HEDS Enterprise includes Human Space Flight, Space Operations and Safety,
Mission Assurance & Engineering.

***Beginning in FY02, Biological & Physical Research is its own Enterprise.

**** ETE’s reflect total Agency including Office of Inspector General (OIG).

The mission support line in the preceding table (FY 1999 - 2001) provides funding for mission support and includes: safety, mission

assurance, engineering and advanced concepts activities supporting agency program; salaries and related expenses in support of
research in NASA field installations; design, repair, rehabilitation and modification of institutional facilities and construction of new
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institutional facilities; and other operations activities supporting conduct of agency programs such as the OIG and Academic
Programs.

NASA is making progress towards full cost management. Beginning in FY 2002, NASA is implementing a two-appropriation budget
(excluding the Inspector General account). The two appropriation budget includes Human Space Flight (HSF) and Science,
Aeronautics and Technology (SAT). The budget for Mission Support and other select elements are being allocated against the
Enterprises contained in the two appropriation budget starting in FY 2002.

For informational purposes, the Enterprise sections of this plan will display: 1) Enterprise FY funding levels for FY 1999-2002 and,
2) Civil Service staffing levels assigned to each Enterprise.

Additional detail on the means and strategies for accomplishing these performance targets is included in the budget narrative
sections of this document. The NASA FY 2002 Budget is also available through the NASA homepage at the following internet
address: http://ifmp.nasa.gov/codeb/budget2002/

NASA’s Performance Plan

This document, as required by GPRA, describes performance measures and service levels for program activities requested in the
FY 2002 budget. FY 2002 Performance goals and objectives are defined for NASA's Strategic Enterprises and for Crosscutting
Processes in the NASA Strategic Plan (NPD 1000.1b).

NASA has instituted improvements in the FY 2002 Performance Plan. The FY 2002 Plan provides information on how NASA plans
to verify and validate performance data. Enterprises/Crosscutting Processes also include a description of the individual means that
they will use to verify and validate measured values in performance reporting. These added features are provided to communicate
various approaches used in the verification and validation of performance data and to support the credibility of reported
performance.

Strategic goals and objectives are now provided along with annual performance goals and indicators in the introductory section for
each Enterprise and Crosscutting Processes. The annual performance goals and indicators used in performance tracking were
integrated with the strategic goals and objectives to provide a better linkage between the Strategic Plan and the Performance Plan.
In the FY 2001 Plan, annual performance goals (i.e. targets) and indicators were provided in separate Enterprise/Crosscutting
Process appendix sections. NASA’s new format provides greater performance context and eliminates the necessity for a separate
performance table to demonstrate the linkage between the Strategic Plan and the Annual Performance Plan that was a duplicative
effort.

Generate Knowledge, a crosscutting process, is not included in the FY 2002 Performance Plan based on the recommendation of the

NASA Advisory Council (NAC). The NAC’s recommendation was based on the potential duplication of science research metrics
across the Enterprises.
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In accordance with OMB Circular A-ll requirements, annual performance goals for FY 1999-2002 are displayed by
Enterprise/Crosscutting Process. These multi-year formats help to demonstrate cumulative progress towards achievement of
strategic goals and objectives. Each annual performance goal also has an associated color assessment to facilitate trend analysis.

The following color key is used to assess performance:

Blue: Significantly exceeded performance

Green: Achieved performance target

Yellow: Did not achieve performance target, progress was significant and achievement is anticipated within next fiscal year
Red: Failed to achieve performance target, do not anticipate completion within the next fiscal year

Each Enterprise or Crosscutting Process section continues to include a budget link table that recaps the relationship of budget
account and annual performance goals. To facilitate configuration management, control numbers have been assigned to all
performance targets. The numbering sequences may not be contiguous, as targets may have been dropped out as the formulation
process progressed.

The Performance Evaluation Process

NASA uses a process of extensive internal and external reviews to evaluate our progress against established plans.

Enterprises and functional managers conduct reviews on a periodic basis. There are regular reviews for functional management
activities, such as procurement, finance, facilities, personnel, information resources management, etc. There are reviews of
science, engineering, and technology plans and performance. The NASA Inspector General conducts independent reviews and
provides recommendations for corrective actions.

NASA has established management councils, as described in the NASA Strategic Management Handbook, which conduct internal
oversight reviews. Throughout the year, Program Management Councils (PMCs) at Headquarters and the Centers assess program
schedules, cost, and technical performance against established programmatic commitments. The Senior Management Council
(SMC) brings together both Headquarters and Field Installation Directors to conduct assessment reviews twice a year of the
progress being made in meeting the Enterprise and Crosscutting Process performance targets.

NASA’s extant management review processes provide appropriate forums for internal reporting and reviewing of project and program
performance data. The recent streamlining of agency processes provides confidence that new data collection and oversight
processes need not be created for compliance with GPRA. Our mission oriented organizational structure and established
management processes are well suited to assessment of this type of performance evaluation.

There are also significant external review processes in place. The external reviews typically begin with the peer review processes in
which NASA uses panels of outside scientific experts to ensure that science research proposals are selected strictly on the merits of
the planned research. This process takes into account past performance for selection and/or continued funding.

NASA requests assistance from other federal agencies to provide expert advice and council. In some cases, the organizations are
advisory bodies of experts from the public and private sectors that work with NASA to establish priorities in particular scientific
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disciplines. For example, NASA has requested that its senior advisory body, the NASA Advisory Council (NAC), independently
review NASA’s annual performance. Since FY 1999, the NAC has reviewed reported performance and provided a qualitative
assessment of the Agency’s progress that is included in the Agency Performance Report. The NAC also reviewed FY 2002
performance metrics providing valuable input for metric development. In other cases, reviews are conducted by organizations such
as the NASA Advisory Council, the Aerospace Safety Advisory Panel, the National Academy of Sciences, and the General Accounting
Office, which share responsibility for oversight of the Agency.

The use of these external reviews allows NASA to receive a report card on whether we are making the anticipated progress towards
accomplishing the priorities established by the Administration, the Congress, and our advisory bodies. When necessary, these
external assessments result in the revision of either implementation plans or strategic plans.

The GPRA Performance Evaluation and Report Process

For the purposes of the GPRA performance reporting process, NASA uses advisory committees as the critical input when assessing
performance. These committees provide inputs on NASA's Strategic Plan, individual Enterprise Strategic Plans, and budgetary
priorities. NASA furnishes program performance status information, and in turn, the committees render advice and council. NASA
uses this process to generate an independent “scorecard” report on our annual performance.

NASA has historically been one of the most open federal agencies in terms of performance measurements. Public attention is drawn
quickly to program successes, and particularly to program failures. Press conferences on scientific results and program technical
status are commonplace. The technical measurement of program progress is a management imperative due to the heavy emphasis
on development programs, and within the programs, the specific projects. Flight programs such as the International Space Station
compile thousands of technical performance metrics, schedule milestones, and cost performance data.

However, the GPRA requires a heavier focus on outcome metrics rather than NASA'’s ubiquitous input and output metrics. Like
other federal agencies engaged in science and technology, NASA has difficulty in quantifying outcomes and, especially, relating
current outcomes to current fiscal expenditures. This is appropriate since NASA’'s development programs are multi-year in
character. In some cases, past expenditures began more than a decade ago. For example, the Hubble Space Telescope that entered
into development in the mid-1970’s. More recently, NASA has focused on programs and projects with much shorter development
periods, on the order of 3-5 years. Yet, the science outcomes are dependent on scientists analyzing the information gathered in the
years after launch. Therefore, in measuring the incremental annual performance of a multi-year research or development activity,
where an outcome is not realized for several years, output metrics are the most appropriate way to measure the progress towards
the achievement of strategic goals and objectives.

The stated objectives of programs within NASA’s Enterprises are long-term in character. This is exemplified by considering a Space
Science performance objective, “Explore the ultimate limits of gravity and energy in the Universe.” Annual performance evaluations
assess whether appropriate progress is being made, perhaps actually identifying individual “limits” to the satisfaction of the

scientific community, or providing additional insights to the eventual solution of other mysteries. The assessment process requires
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a multifaceted judgement which takes into account the nature of the challenge of “solving the mystery,” the level of resources
available to be applied, and the actual scientific achievements of the past year.

It is particularly important in our view to avoid evaluating actual output performance in R&D organizations solely by counting the
number of planned events for the year with the number that actually occurred. The “beancount” approach is more appropriate to a
known manufacturing environment. In the high-performance, high-risk R&D environment that characterizes NASA’s programs, it is
inadvisable to incentivize on-time performance and thereby de-emphasize safety, quality, high performance and appropriate risk-
taking.

NASA has worked hard to maintain the highest emphasis on safety; this value applies not only to safety of personnel but also to
preservation of high value facilities, equipment, experimental hardware, and related capabilities. Quality goes hand-in-hand with
safety, but extends well beyond it. For example, taking credit for completing a critical design review (CDR) for a spacecraft is only
appropriate when the CDR process has been thorough, complete, and meets performance standards. Great care must be taken that
quality does not suffer when contract fee incentives call for a milestone payment upon completion of the CDR. Other examples
abound, and give rise to our constant vigilance to avoid rushing to launch in order to achieve a given date.

It is possible, of course, to emphasize safety and quality and achieve little of lasting significance or have the achievement take an
inordinate amount of time. Building spacecraft that do not test new designs, but rely only on proven designs, is appropriate for
operational, mission agencies or commercial entities. It is not appropriate for NASA's R&D environment. Conducting basic and
applied research involves experimentation. When exploring new methods and new technologies in these high-performance
ventures, it is acceptable to take risks, to push the envelope, and to fail. The tolerance of failure puts NASA and other R&D
agencies into a different category than other federal agencies involved in the delivery of services to the public. Note, however, that
this does not translate into an acceptance of failures that result from taking an inappropriate level of risk. The level of appropriate
risk is tailored to the environment. The distinction is critical, particularly in high-value, high-cost environments, such as human
space flight, the maintenance of the Hubble Space Telescope, and the launch of research spacecraft. The risk of failure in those
venues is limited by all practicable means.

Thus, output measures are best used in suitable context. For these reasons, NASA management encourages Space Shuttle
program managers to set aside metrics dealing with launches planned vs. launches achieved during a given fiscal year. If by
waiting, one less launch is achieved than planned, but the result is better safety or quality or enables improved performance or
reduces risk, then the latter result is what NASA wants to incentivize.

We have met with little success in past efforts to marry conventional output measures to these other parameters to derive a

quantitative performance metric. Instead, we have determined that asking independent experts to review both quantitative and
qualitative measures and to come up with an integrated score is a better approach.

NASA'’s Verification and Validation of Performance Data

NASA is committed to ensuring that reported performance information is valid and reliable. Data credibility is a critical element in
the Agency’s ability to manage for results and to be accountable for the accuracy of performance data. NASA’s performance in
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developing and delivering products and services is evaluated at the Agency, Strategic Enterprise, functional office, program and
project, crosscutting process, and individual levels. Each level has responsibility to execute requirements and to measure, evaluate,
and report results. Methods and procedures for collecting this information are evaluated and validated by program managers who
are responsible for data collection and reporting. As each part of the organization completes its measurement process, data are
used to validate that performance meets or exceeds planned goals, objectives and performance targets. In those situations in which
performance does not meet expectations, opportunities for continuous improvement are identified.

Communicating our verification and validation approaches provides greater confidence that reported performance information is
credible while enhancing the usefulness of the information. In the FY 2000 Performance Report, NASA provided specific
documentation of achievement by providing verification and validation methods and data sources for each target. Data sources that
were used included, but were not limited to, databases used for other purposes, third-party reviews, and certification by managers
and/or contractors. Changes or improvements to existing data collection and reporting systems or processes were included in the
verification methodology. As appropriate, reliance upon external sources were identified in the data sources section of each target’s
performance. With regards to external data sources, NASA relies on the individuals responsible for the performance to validate and
verify the information provided for GPRA compliance. In the FY 2002 Plan, Enterprises/Crosscutting process identified verification
and validation methods that it anticipates will be used to ensure the credibility of reported data.

For the purpose of assessing NASA'’s overall performance, we will continue to ask our Advisory Committees to evaluate
accomplishments at the Enterprise level. Their assessments not only integrate quantitative output measures but also provide
balance in the context of safety, quality, high performance, and appropriate risk. The NAC evaluates annual performance for both
the Enterprises and the Crosscutting Processes, assessing both actual performance and progress towards strategic goal and
objective achievement. In addition, the Office of the Inspector General (OIG) has conducted validation audits of reported
performance data used to support the Agency’s actual results on selected performance targets to ensure that underlying
performance data are accurate and reliable. In their audit of select FY 2000 performance data, the OIG commended NASA for the
significant improvement in the reporting of actual performance.
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Space Science Enterprise (SSE)

Mission

The primary goal of the Space Science Enterprise is to chart the evolution of the universe from origins to destiny, and improve
understanding of galaxies, stars, planets, and life (Figure 2). Within this goal, Enterprise objectives are to: understand the
structure of the universe, from its earliest beginnings to its ultimate fate; explore the ultimate limits of gravity and energy in the
universe; learn how galaxies, stars and planets form, interact, and evolve; look for signs of life in other planetary systems;
understand the formation and evolution of the Solar System and Earth within it; probe the origin and evolution of life on Earth and
determine if life exists elsewhere in our Solar System; understand our changing Sun and its effects throughout the Solar System;
and chart our destiny in the Solar System. Other Enterprise goals include developing innovative technologies to support Space
Science programs and making them available for other applications that benefit the Nation. Enterprise missions and research also
yield scientific information of value for future exploration programs. Knowledge and discoveries will be shared with the public to
enhance science, mathematics, and technology education and increase the scientific and technological literacy of all Americans.

Implementation Strategy

The Space Science Enterprise Performance Plan is tied directly to the Enterprise Strategic Plan. The Strategic Plan is based on
science goals and objectives, with research and flight programs structured to implement these goals. The Enterprise continues to
use scientific merit as the primary criterion for program planning and resource commitment. In implementing this program, the
Enterprise will preserve safety as NASA’'s number one priority, with balanced risks between missions to ensure overall achievement
of program goals.* Properly implemented, the “faster, better, cheaper” approach does not jeopardize this priority. Projects will not
be approved for implementation until a clear technology path to successful implementation is demonstrated. These new
technologies will be applied aggressively, within the constraints of prudent stewardship of public investment.

The Enterprise will continue to ensure the active participation of the research community outside NASA in planning, flight
programs, research investigations, and peer review; this participation is viewed as being critical to the program’s success.
Collaborative efforts with other Federal agencies, such as the National Science Foundation, Department of Defense and Department
of Energy, as well as with international partners, play a key role in the implementation strategy of the Enterprise. Finally, a
fundamental consideration in planning and conducting all of our programs is the recognition that the national investment in space
science is a public trust. The Enterprise places a very high priority on sharing the results and excitement of our programs through
the formal education system and public engagement.

[*Note: Safety as it applies to human space flight does not apply to Space Science missions and would be prohibitively expensive if it did.
Moreover, Space Science missions should not all have the same risk profile. For example, a balance of lower-risk (e.g., Chandra) and higher-risk
(e.g., Explorer) missions should be used to maximize science return per dollar.]
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Enterprise Resource Requirements
The President has requested the following budget for FY99 to FY02 to support the accomplishment of Space Science goals:

FY1999 F2000 Fr2001 FY2002
NOASM 2119 214 2321 2,786
CSFIEs 1846 2,362 2173 2,187

FYO2 Performance Metrics

Strategic Plan Goal:
Science: Chart the evolution of the Universe, from origins to destiny, and understand its galaxies, stars, planets, and life.

Objective: Understand the structure of the Universe, from its earliest beginnings to its ultimate fate.
Public Benefit: One of the great quests of the last half-millennium since the time of Copernicus has been to understand where
humanity fits within the Cosmos: What is the age of the Universe? How did it begin and how will it end? What are its primary
constituents and how do they interact? NASA's pursuits in the research focus areas are intended to answer these questions.
APG 2S1: Earn external review rating of “green,” on average, on making progress in the following research focus areas:
« Identify dark matter and learn how it shapes galaxies and systems of galaxies.
» Determine the size, shape, age, and energy content of the universe.
Indicators
« Demonstrate significant progress toward the goal, as determined by external expert review.
« Obtain expected scientific data from 80% of operating missions supporting this goal (as identified and documented by
Associate Administrator at beginning of fiscal year).

Objective: Explore the ultimate limits of gravity and energy in the Universe.
Public Benefit: The basic constituents of Nature interact via fundamental forces that are likely to be studied best by using the
Universe as a giant laboratory of extreme environments. Understanding these forces will give us insight into the most important
processes in Nature and may reveal "new physics" and new phenomena that cannot be created in any Earthbound laboratory.
APG 2S2: Earn external review rating of “green,” on average, on making progress in the following research focus areas:
» Discover the sources of gamma ray bursts and high-energy cosmic rays.
» Test the general theory of relativity near black holes and in the early universe, and search for new physical laws, using
the universe as a laboratory.
* Reveal the nature of cosmic jets and relativistic flows.
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Indicators
« Demonstrate significant progress toward the goal, as determined by external expert review.

« Obtain expected scientific data from 80% of operating missions supporting this goal (as identified and documented by
Associate Administrator at beginning of fiscal year).

Objective: Learn how galaxies, stars, and planets form, interact, and evolve.
Public Benefit: Life on Earth is the product of a complex sequence of events, which are at present only approximately
understood. This sequence begins with the birth of the galaxies and continues through the creation of heavy elements inside
stars and the birth of stars and other planetary systems. To understand how life arose on Earth, and perhaps elsewhere, a
complete understanding of the entire "thread of life" in the Cosmos is necessary.
APG 2S3: Earn external review rating of “green” on average, on making progress in the following research focus areas:
« Observe the formation of galaxies and determine the role of gravity in this process.

» Establish how the evolution of a galaxy and the life cycle of stars influence the chemical composition of material
available for making stars, planets, and living organisms.

« Observe the formation of planetary systems and characterize their properties.

» Use the exotic space environments within our Solar System as natural science laboratories and cross the outer
boundary of the Solar System to explore the nearby environment of our galaxy.
Indicators
« Demonstrate significant progress toward the goal, as determined by external expert review.

« Obtain expected scientific data from 80% of operating missions supporting this goal (as identified and documented by
Associate Administrator at beginning of fiscal year).

Objective: Look for signs of life in other planetary systems.
Public Benefit: "Are we alone?" is one of the most profound questions that humanity can ask, and its answer will affect almost
every aspect of how humans view themselves and their place in the Universe.

APG 2S4: Earn external review rating of “green” on average, on making progress in the following research focus areas:
» Discover planetary systems of other stars and their physical characteristics.
* Search for worlds that could or do harbor life.

Indicators

« Demonstrate significant progress toward the goal, as determined by external expert review.

« Obtain expected scientific data from 80% of operating missions supporting this goal (as identified and documented by
Associate Administrator at beginning of fiscal year).

Objective: Understand the formation and evolution of the Solar System and the Earth within it.
Public Benefit: Earth and all of the other bodies in the Solar System formed at about the same time from a disk of gas and dust
that surrounded the Sun. While these bodies share some similarities, there are striking differences among them. A fundamental
goal of the NASA Space Science Enterprise is to understand the physical conditions and processes that led to those differences.
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What do these differences imply about the response of Earth’s environment to natural and manmade influences? What do they
imply about the likelihood of Earth-like planets, potential habitats for life, circling other stars?

APG 2S5: Earn external review rating of “green,” on average, on making progress in the following research focus areas:
* Inventory and characterize the remnants of the original material from which the Solar System formed.
e Learn why the planets in our Solar System are so different from each other.

* Learn how the Solar System evolves.

Indicators

» Demonstrate significant progress toward the goal, as determined by external expert review.

» Obtain expected scientific data from 80% of operating missions supporting this goal (as identified and documented by
Associate Administrator at beginning of fiscal year).

Objective: Probe the evolution of life on Earth, and determine if life exists elsewhere in our Solar System.
Public Benefit: The organizing principles of life and its origin(s) are very poorly known, but at the same time are essential to
understanding the biosphere, the Earth’s layer of life. Understanding the origin and early evolution of life on Earth will permit a
deeper understanding of the robustness (or fragility) of terrestrial life, life’s interactions with the non-living world, and the
dangers that life faces in an occasionally-hostile environment.

APG 2S6: Earn external review rating of “green,” on average, on making progress in the following research focus areas:

« Investigate the origin and early evolution of life on Earth, and explore the limits of life in terrestrial environments that
might provide analogues for conditions on other worlds.

« Determine the general principles governing the organization of matter into living systems and the conditions required for
the emergence and maintenance of life

e Chart the distribution of life-sustaining environments within our Solar System, and search for evidence of past and
present life.

* Identify plausible signatures of life on other worlds.
Indicators
« Demonstrate significant progress toward the goal, as determined by external expert review.

« Obtain expected scientific data from 80% of operating missions supporting this goal (as identified and documented by
Associate Administrator at beginning of fiscal year).

Objective: Understand our changing Sun and its effects throughout the Solar System.
Public Benefit: Solar variability affects life and society by causing “space weather,” which can affect space assets vital to the
national economy (communications, weather, and military satellites), short wave radio communications, the electric power grid,
and astronauts. Solar variability also is a natural driver of global climate change, which appears to have affected Earth’s climate
in the past.

APG 2S7: Earn external review rating of “green,” on average, on making progress in the following research focus areas:
« Understand the origins of long- and short-term solar variability.
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* Understand the effects of solar variability on the solar atmosphere and heliosphere.
* Understand the space environment of Earth and other planets.

Indicators

« Demonstrate significant progress toward the goal, as determined by external expert review.

« Obtain expected scientific data from 80% of operating missions supporting this goal (as identified and documented by
Associate Administrator at beginning of fiscal year).

Objective: Chart our destiny in the Solar System.
Public Benefit: The course of life on Earth has been profoundly altered by impacts of asteroids and/or comets. It is widely
accepted that a major impact 65 million years ago led to the extinction of dinosaurs and cleared the way for the rise of mammals.
An even greater impact more than 200 million years ago led to the extinction of about 90 percent of the species alive at the time.
Impacts did not end in prehistoric times. In 1908, a fragment of a comet or asteroid leveled hundreds of square miles of forest in
the remote Siberian region of Tunguska; had the object fallen about four hours later, it would have annihilated the city of St.
Petersburg. It is estimated that there are between 700 and 1000 objects whose orbits cross Earth’s (these are known as Near
Earth Objects, or NEOSs), that are large enough to cause global catastrophe if they were to strike Earth. NASA Space Science
supports the search for such NEOs, with a goal of identifying at least 90 percent of them by the year 2008 (nearly 500 have been
discovered to date). By identifying those objects that actually have a potential to collide with Earth, we expect to have decades of
advance warning in which to take countermeasures, if necessary.

APG 2S8: Earn external review rating of “green,” on average, on making progress in the following research focus areas:
* Understand forces and processes, such as impacts, that affect habitability of Earth.
« Develop the capability to predict space weather.

» Find extraterrestrial resources and assess the suitability of Solar System locales for future human exploration.

Indicators

« Demonstrate significant progress toward the goal, as determined by external expert review.

« Obtain expected scientific data from 80% of operating missions supporting this goal (as identified and documented by
Associate Administrator at beginning of fiscal year).

Objective: Support of Strategic Plan Science Objectives; Development/ Near-Term Future Investments (Supports all
objectives under the Science Goal)

Public Benefit: NASA has been chartered by the American people to undertake challenging scientific explorations of our Solar
System and the Universe beyond by building and launching missions that will achieve ambitious scientific goals. Missions in
development have moved beyond study and preliminary design, and into detailed design and fabrication. Once launched and
operational, the images and data they provide will advance our understanding of our Solar System and the Universe in which we
live.

APG 2S9: Earn external review rating of “green” on making progress in the following area:
» Design, develop, and launch projects to support future research in pursuit of Strategic Plan science objectives.
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Indicator
Meet no fewer than 75% of the development performance objectives for “major programs/projects,” supported by
completion of performance objectives in majority of “other projects.”

Major Programs/Projects:

Hubble Space Telescope (HST) Development: Begin system test of the Cosmic Origins Spectrograph (COS).
Hubble Space Telescope (HST) Development: Advanced Camera for Surveys (ACS) and Solar Array 3 (SA3) will be
ready for flight and installation on Servicing Mission 3B.

Space Infrared Telescope Facility (SIRTF) Development: Complete integration and test (I&T) of spacecraft and
payload.

Stratospheric Observatory for Infrared Astronomy (SOFIA) Development: Complete installation of the forward
pressure bulkhead.

Gravity Probe-B (GP-B) Development: Initiate flight vehicle integration and test (1&T).

Mars Exploration Rover ‘03 Development: Initiate assembly, test and launch operations (ATLO) process.

Mars Reconnaissance Orbiter '05 Development: Select payload and initiate development.

Solar Terrestrial Relations Observatory (STEREQO) Development: Have contracts in place for start of spacecraft
and instrument detailed design and fabrication.

Other Projects:

Swift Gamma Ray Burst Explorer (Swift) Development: Complete build-up of spacecraft subsystems.

Full-sky Astrometric Mapping Explorer (FAME) Development: Conduct Confirmation Review.

Galaxy Evolution Explorer (GALEX) Development: Complete environmental testing.

Comet Nucleus Tour (CONTOUR) Development: Complete environmental testing.

Mercury Surface, Space Environment, Geochemistry and Ranging (MESSENGER) Mission Development: Conduct
Critical Design Review (CDR).

Solar-B Development: Conduct the Pre-Environmental Review for the U.S.-provided Extreme Ultraviolet Imaging
Spectrometer (EIS).

Planck Development: Complete the High-Frequency Instrument (HFI) flight detectors.

Strateqgic Plan Goal:

Technology/Long-Term Future Investments: Develop new technologies to enable innovative and less expensive research and

flight missions.

Objectives: Acquire new technical approaches and capabilities. Validate new technologies in space. Apply and transfer

technology.

Public Benefit: NASA must be a prudent steward of the taxpayers’ money by investing in essential technologies that are clearly
relevant to future missions. This important principle includes consideration of the possibilities for commercialization, as well as
options for using key technologies for multiple missions.
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APG 2S10: Earn external review rating of “green” on making progress in the following technology development area:

* Focus technology development on a well-defined set of performance requirements covering the needs of near-term to
mid-term strategic plan missions.

Indicator

Meet no fewer than 66% of the performance objectives for technology development.

* Next Generation Space Telescope (NGST): Downselect to single Phase Il prime contractor.

» Space Interferometry Mission (SIM): Use the Microarcsecond Metrology (MAM-1) Testbed to demonstrate metrology at
the 200-picometer level with white light fringe measurements. (Accomplishing this level of performance is required in
order for SIM to identify multi-planet solar systems out to 10 parsecs.)

» Terrestrial Planet Finder (TPF): Provide studies and integrated models of mission architecture concepts.

« Gamma-ray Large Area Space Telescope (GLAST): Conduct Large Area Telescope Preliminary Design Review (PDR).

» Herschel Space Observatory: Complete the SPIRE qualification model detectors.

» StarLight: Conduct Preliminary Design Review (PDR).

e Outer Planets Program: Complete evaluation and restructuring of Outer Planets Program.

* In-Space Propulsion: Compete and select Phase | award(s) for electric propulsion technology development.

* Living With a Star: Announce instrument investigations for Solar Dynamics Observatory (SDO) mission.

Public Benefit: Careful stewardship of public money requires that challenging new technologies be evaluated via cost-effective
demonstration and precursor missions so that NASA's most ambitious research facilities can be reliably developed using proven
technologies.
APG 2S11: Earn external review rating of “green” on making progress in the following technology validation area:
* Formulate and implement cost-effective space demonstrations of selected technologies on suitable carriers.
Indicator
Meet no fewer than 66% of the performance objectives for flight validation.
* Flight Validation/New Millennium Program: Conduct Space Technology 6 (ST-6) Confirmation Review.
* Flight Validation/New Millennium Program: Conduct New Millennium Carrier-1 (NMC-1) Confirmation Review.
* Flight Validation/New Millennium Program: Conduct Space Technology 5 (ST-5) Critical Design Review (CDR).

Strateqgic Plan Goal:
Education and Public Outreach: Share the excitement and knowledge generated by scientific discovery and improve
science education.

Objectives: Share the excitement of space science discoveries with the public. Enhance the quality of science,
mathematics, and technology education, particularly at the pre-college level. Help create our 21* Century scientific and
technical workforce.
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Public Benefit: Space Science Enterprise education and public outreach goals center on sharing the results of our missions and
research programs with wide audiences and using space science discoveries as vehicles to improve teaching and learning at all
levels. This is a deliberate expansion of the traditional role of the Enterprise in supporting graduate and postgraduate professional
education, a central element of meeting our responsibility to help create the scientific workforce of the future. Our commitment to
education includes a special emphasis on pre-college education and on increasing the general public's understanding and
appreciation of science, mathematics, and technology.

APG 2S12: Earn external review rating of “green,” on average, on making progress in the following focus areas:

* Incorporate a substantial, funded education and outreach program into every space science flight mission and research
program.

* Increase the fraction of the space science community that contributes to a broad public understanding of science and is
directly involved in education at the pre-college level.

» Establish strong and lasting partnerships between the space science and education communities.

» Develop a national network to identify high-leverage education and outreach opportunities and to support long-term
partnerships.

» Provide ready access to the products of space science education and outreach programs.

» Promote the participation of underserved and underutilized groups in the space science program by providing new
opportunities for minorities and minority universities to compete for and participate in space science missions, research,
and education programs.

» Develop tools for evaluating the quality and impact of space science education and outreach programs.

Indicator

Meet no fewer than six (75%) of the eight performance objectives for education and public outreach (E/PO).

« Ensure that every mission initiated in FY 2002 has a funded E/PO program, with a comprehensive E/PO plan
prepared by its Critical Design Review (CDR).

« Ensure that by the end of FY 2002, ten percent of all research grants have an associated E/PO program underway.

* Plan and/or implement Enterprise-funded E/PO activities taking place in at least forty states.

« Ensure that at least ten Enterprise-funded research, mission development or operations, or education projects are
underway in Historically Black Colleges and Universities, Hispanic Serving Institutions, and Tribal Colleges, with at
least three being underway in an institution of each type.

* Provide exhibits, materials, workshops, and personnel at a minimum of five national and three regional education
and outreach conferences.

« Ensure that at least eight major Enterprise-sponsored exhibits or planetarium shows will be on display or on tour at
major science museums or planetariums across the country.

* Prepare the second comprehensive Space Science Education/Outreach Report describing participants, audiences,
and products for Enterprise E/PO programs.

« Initiate a major external review of the accomplishments of the Space Science E/PO efforts over the past five years,
and complete a pilot study directed towards the eventual development of a comprehensive approach to assessing the
E/PO program’s long-term effectiveness and educational impact. Use the preliminary results of both studies to guide
adjustments in program direction and content.

PP SSE-8



VERIFICATION AND VALIDATION

Internal Assessment and Verification

The Space Science program consists of numerous diverse components, and each component’s performance must be assessed in an
appropriate way. For some program elements, such as mission and technology development, achievement of major milestones can
be assessed through routine project management reviews. For missions in an operational phase, success can be gauged in terms of
operating efficiency or major data sets returned. In each of these cases, performance assessment data is retrieved from normal

project management reporting during the course of the fiscal year, and is verified and validated by the cognizant Program Executive
or Program Scientist.

External Assessment and Verification

For the basic research programs, evaluation must consider important contextual factors such as: the relative value of the research
objectives; progress toward those objectives; productivity by prevailing research community standards; and impact on related
research funded or performed by other agencies. Measures such as number of grants or scientists supported, publication counts, or
research citations are not able to capture these important aspects of the evaluation requirement. The best way to assess research
programs has been demonstrated to be an external peer review approach. The Enterprise will employ this mechanism to
qualitatively assess the progress of its programs in basic research and data analysis against Enterprise strategic plan science goals
and objectives. The reviews will determine whether outcomes of these programs are fully effective, are not as strong as desired but
have returned results of significant value, or are not scientifically or technologically competitive. The review process will also

identify those programs that have produced important unexpected results or have contributed to an unanticipated degree to other
research.

External Validation

At the conclusion of the assessment and verification process, the performance results will be reviewed and validated by the NASA
Advisory Council.
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Solve mysteries of the universe.

MULTI-YEAR PERFORMANCE TREND

Space Science Enterprise (SSE)

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 9S1: Successfully launch
Performance seven spacecraft, within
Goal and 10% of budget, on
APG # average.
Assessment Blue
Annual 9S2: Measure the Hubble
Performance constant within an
Goal and accuracy of about 10
APG # percent, as compared to
previous measurements
that differ among
themselves by a factor of
two. (R&A)
Assessment Green
Annual 9S3:Record 25 images OS1: The Chandra X-ray
Performance and spectra at a Observatory (formerly
Goal and resolution of better than AXAF) instrument will
APG # an arcsecond, five to ten meet nominal performance
times sharper than expectations, and science
images gathered earlier data will be taken with
by the Einstein 70% efficiency, with at
Observatory (CXO) least 90% of science data
recovered on the ground.
Assessment Green Green
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Solve mysteries of the universe.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 9S4: Record data on
Performance approximately 12
Goal and compact stellar objects
APG # with a sensitivity 50 times
greater than the Einstein
Observatory.(CXO)
Assessment Green
Annual 9S5: Observe physical 0S2:The baseline RXTE
Performance phenomena 25,000 times | mission ended in 1997;
Goal and closer to the event the target for FYOO is to
APG # horizon of black holes operate at least three of
than permitted with the five instruments at an
optical wavelength efficiency of 45%, with
measurements. (RXTE) 95% data recovery; All Sky
Monitor data will be posted
on the web within 7 days,
and Proportional Counter
Array and High-Energy X-
ray Timing Experiment
data will be released
within 60 days.
Assessment Green Green
Annual 0S3: Complete final
Performance integration and test of the
Goal and Gravity Probe-B science
APG # payload with the
spacecraft in August 2000.
Assessment Yellow
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Solve mysteries of the universe.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

0OS4: Successfully install
and activate three key
Hubble upgrades during
the third servicing
mission: flight computer,
advanced camera, and
solar arrays. Maintain an
average on-target pointing
efficiency of 35% during
FYOO operations before
they are interrupted for
the third servicing
mission, presently
scheduled for May 2000.

Assessment

Yellow

Annual
Performance
Goal and
APG #

0S43: Complete the SOFIA
747 Section 46 mockup
test activity during June
2000, with no functional
test discrepancies that
would invalidate CDR-level
designs and cause
significant design rework,
with attendant cost and
schedule impact.

Assessment

Green

PP SSE-12




Solve mysteries of the universe.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 0S5: Deliver the SIRTF

Performance Infrared Array Camera

Goal and (IRAC), Multiband Imaging

APG # Photometer (MIPS), and
Infrared Spectrograph
(IRS) instruments during
April 2000. The
instruments shall perform
at their specified levels at
delivery.

Assessment Yellow

Annual 0S6: Prepare the

Performance INTEGRAL Science Data

Goal and Center (ISDC) for data

APG # archiving and prepare
instrument analysis
software for the
spectrometer on
INTEGRAL (SPI)
instrument within 10% of
estimated cost.

Assessment Green

Annual 0S7:Assemble and

Performance successfully test the

Goal and breadboard cooler for

APG # ESA’s Planck mission in
April 2000.

Assessment Yellow
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Solve mysteries of the universe.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 0S8: Deliver the GALEX

Performance science instrument from

Goal and JPL to the Space

APG # Astrophysics Laboratory at
Caltech during April 2000
for science calibration.
The instrument will be
fully integrated,
functionally tested, and
environmentally qualified
at the time of the
scheduled delivery.

Assessment Yellow

Annual 0S9: Begin system-level

Performance environmental testing of

Goal and the MAP spacecraft during

APG # July 2000.

Assessment Green

Annual 0S11:The baseline mission

Performance of the CGRO ended in

Goal and 1996; the target for FYOO

APG # is to continue to operate
those instruments not
dependent on expended
consumables (Oriented
Scintillation Spectrometer
Experiment, OSSE; Burst
and Transient Source
Experiment, BATSE; and
Imaging Compton
Telescope, COMPTEL) at
an average efficiency of at
least 60%.

Assessment Green
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Solve mysteries of the universe.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 0S12: The 3-year FUSE

Performance mission will complete at

Goal and least one-third of the

APG # observations needed for its
minimum science
program, with six of the
eight instrument
performance parameters
being met.

Assessment Green

Annual 0S15: The prime mission

Performance of SAMPEX ended in 1995;

Goal and the FYOO target is to

APG # obtain at least 60% data
coverage from at least
three of SAMPEX’s four
instruments.

Assessment Green

Annual 0S14: If launched, activate

Performance the XRS and XIS

Goal and instruments on the

APG # Japanese Astro-E
spacecraft after launch
and collect at least 90% of
the XRS and XIS data.

Assessment Red
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Solve mysteries of the universe.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

0S53: Complete the NGST
Developmental Cryogenic
Active Telescope Testbed
(DCATT) phase 1, measure
ambient operation with off-
the-shelf components, and
make final preparations for
phase 2, the measurement
of cold telescope operation
with selected “flight-like”
component upgrades.

Assessment

Red

Annual
Performance
Goal and
APG #

0S62: Demonstrate
performance of the
Superconductor-Insulator-
Superconductor (SIS)
mixer to at least 8hv/k at
1,120 GHz and 10hv/k at
1,200 GHz. The U.S.
contribution to the ESA
FIRST is the heterodyne
instrument, which
contains the SIS receiver.

Assessment

Yellow

Annual
Performance
Goal and
APG #

0S63: The prototype
primary instrument for
GLAST will demonstrate
achievement of the
established instrument
performance level of
angular resolution of 3.5
degrees across the entire
20-MeV to 100-GeV energy
range.

Assessment

Green
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Solve mysteries of the universe.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 0S65: Based on an overall
Performance goal of successfully
Goal and launching 25 sounding
APG # rocket missions, at least
23 payloads shall
successfully achieve their
required altitude and
orientation, and at least 21
investigators shall achieve
their minimum mission
success goals.
Assessment Red
Annual 0S66: Based on an overall
Performance goal of conducting 26
Goal and worldwide science and
APG # technology demonstration
balloon missions, at least
23 campaigns shall
successfully achieve
altitude and distance, and
investigators’
instrumentation shall
function as planned for at
least 19 missions.
Assessment Red
Annual 1S1: Successfully develop
Performance and launch no fewer than
Goal and three of four planned
APG # missions within 10% of
budget and schedule.
Missions are: GALEX,
MAP, GP-B, and CATSAT.
(Indicators have also been
established for other
missions in development.)
Assessment TBD
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Solve mysteries of the universe.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

1S2: Obtain expected
scientific data from at least
80% of operating missions.
Missions are: HST, CXO,
XTE, ACE, FUSE, SWAS,
and, if successfully
launched, GALEX, and
GP-B.

Assessment

TBD

Annual
Performance
Goal and
APG #

1S3: Perform innovative
scientific research and
technology development by
meeting technology
development objectives for
major projects, by
achieving mission success
in astronomy rocket and
balloon flights, and by
making satisfactory
research progress in
related Research and
Analysis (R&A) and Data
Analysis (DA) programs.
Meet no fewer than 66% of
the performance objectives
for the following
technology and research
programs NGST, Herschel
(FIRST), GLAST, Sounding
Rockets, Balloons, and
R&A. Achieve a "fully
effective" (green) overall
science achievement rating
from the Space Science
external advisory
committee. (#1S3)

Assessment

TBD
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Understand the structure of the Universe, from its earliest beginnings to its ultimate fate.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual
Performance
Goal and
APG #

2S1: Earn external review
rating of “green,” on
average, on making
progress in the following
research focus areas:

* ldentify dark matter
and learn how it
shapes galaxies and
systems of galaxies.

» Determine the size,
shape, age, and
energy content of the
universe.

Assessment TBD

Explore the ultimate limits of gravity and energy in the Universe.

Annual 2S2: Earn external review

Performance rating of “green,” on

Goal and average, on making

APG # progress in the following
research focus areas:

» Discover the sources of
gamma ray bursts and
high-energy cosmic rays.

« Test the general theory of
relativity near black
holes and in the early
universe, and search for
new physical laws using
the universe as a
laboratory.

* Reveal the nature of
cosmic jets and
relativistic flows.

Assessment TBD
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Learn how galaxies, stars, and planets form, interact, and evolve.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 2S3: Earn external review

Performance rating of “green,” on

Goal and average, on making

APG # progress in the following

research focus areas:

* Observe the formation of
galaxies and determine
the role of gravity in this
process.

» Establish how the
evolution of a galaxy and
the life cycle of stars
influence the chemical
composition of material
available for making
stars, planets, and living
organisms.

» Observe the formation of
planetary systems and
characterize their
properties.

* Use the exotic space
environments within our
Solar System as natural
science laboratories and
cross the outer boundary
of the Solar System to
explore the nearby
environment of our
galaxy.

Assessment TBD
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Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 9S6: Orbit Eros closer 0S16: NEAR will
Performance than 50 kilometers, 20-30 | successfully orbit 433 Eros
Goal and times closer than and meet primary
APG # previous asteroid flybys. scientific objectives while
(NEAR) not exceeding projected
mission cost by more than
10%.
Assessment Yellow Green
Annual 9S7: Measure the shape
Performance of Eros to an accuracy of
Goal and 1 kilometer or better,
APG # about 10 times better
than previous
measurements, and
measure the asteroid’'s
mass to an accuracy of 20
percent. (NEAR)
Assessment Green
Annual 9S8: Complete the first
Performance direct compositional
Goal and measurements of an
APG # asteroid. (NEAR)
Assessment Yellow
Annual 9S9: Map the 75 to 80
Performance percent of the Moon’s
Goal and surface not accessible
APG # during the Apollo
missions conducted from
1969 to 1972. (Lunar
Prospector)
Assessment Green
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Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 9S10:Provide definitive

Performance measurements of the

Goal and weak lunar magnetic

APG # field. (Lunar Prospector)

Assessment Green

Annual 9S11: Provide these data | 0S17: Collect pixel-limited

Performance with spatial resolution images in all Transition

Goal and five times better than Region and Coronal

APG # were collected from the Explorer (TRACE)

Yohkoh Soft X-ray wavelength bands,
Telescope. (TRACE) operating 24-hour

schedules for sustained
periods over eight months.

Assessment Green Green

Annual 0S29: Deliver the Mars ‘01

Performance Orbiter and Lander science

Goal and instruments that meet

APG # capability requirements by
June 1, 2000; prelaunch
Gamma Ray Spectrometer
(GRS) tests shall determine
abundances in known
calibration sources to 10%
accuracy.

Assessment Yellow
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Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 0S30: Assuming the Mars

Performance Surveyor program

Goal and architecture is confirmed,

APG # meet the milestones for the
Mars 03 instrument
selection and initiate
implementation of the
Lander mission. Deliver
engineering models of the
radio-frequency subsystem
and antennae for the radar
sounder instrument to
ESA (if ESA approves the
Mars Express mission),
and select the contractors
for the major system
elements of the Mars
Surveyor 05 mission.

Assessment Yellow

Annual 0S20: The Rosetta project

Performance will deliver the electrical

Goal and qualification models for

APG # the four U.S.-provided
instruments to ESA in May
2000 for integration with
the Rosetta Orbiter.

Assessment Green

Annual 0S18: The TIMED mission

Performance will be delivered on time

Goal and for a planned May 2000

APG # launch, within 10% of the
planned development
budget.

Assessment Yellow
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Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 0S19:If successfully

Performance launched, the TIMED

Goal and mission will acquire global

APG # data in the mesosphere
and lower
thermosphere/ionosphere
region globally (all the
latitudes) for at least 90
days at the required
spatial resolution,
coverage, and accuracy
and for all local solar
times.

Assessment Yellow

Annual 0S21: Complete the

Performance development of the

Goal and Cluster-Il instrument

APG # analysis software for the
one U.S. and five U.S.-
partnered instruments
before launch and, if
launch occurs in FYO0O,
activate and verify the
wideband data and U.S.
sub-components after
launch.

Assessment Green

Annual 0S22: HESSI will be

Performance delivered in time for a

Goal and planned July 2000 launch,

APG # within 10% of the planned
development budget.

Assessment Yellow

PP SSE-24




Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 0S23:Assuming launch

Performance and normal checkout,

Goal and HESSI operations will

APG # return data to achieve at
least the primary science
objectives, with at least
80% coverage of the time
allowed by orbit.

Assessment Yellow

Annual 0S25: Deliver to the Los

Performance Alamos National

Goal and Laboratory in March 2000

APG # all components for system
integration and testing of
the first flight system for
the TWINS mission.

Assessment Green

Annual 0S26: IMAGE will be

Performance delivered on time for a

Goal and planned February 2000

APG # launch and within 10% of
the planned development
budget.

Assessment Green

Annual 0S27: If launched, IMAGE

Performance will acquire critical

Goal and measurements at minute

APG # time scales, returning 85%
real-time coverage of
Earth’s magnetospheric
changes.

Assessment Green
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Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 0S28: Select two Small

Performance Explorer (SMEX) missions

Goal and and release a University

APG # Explorer (UNEX)
Announcement of
Opportunity (AO).

Assessment Red

Annual 0S24: Acquire calibrated

Performance observational data from

Goal and the Japanese Yohkoh

APG # high-energy solar physics
mission (including the
U.S.-provided SXT) for at
least 75% of the time
permitted by tracking
coverage.

Assessment Green

Annual 0S31: Complete Genesis

Performance spacecraft assembly and

Goal and start functional testing in

APG # November 1999.

Assessment Green

Annual 0S32: Release an AO for

Performance the next Discovery

Goal and mission.

APG #

Assessment Green
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Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 0S42: Successfully
Performance complete the breadboard
Goal and of the imager instrument
APG # for CONTOUR and award
the contract for the
propulsion system after a
PDR that confirms the
design and maintains 15%
margins for mass and
power.
Assessment Green
Annual 0S45: The baseline Galileo
Performance mission ended in 1997;
Goal and the target for FYOO is to
APG # recover at least 90% of
playback data from at
least one Galileo flyby of
lo. (also shown below,
under “Search for Life
Beyond Earth”)
Assessment Blue
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Explore the solar system.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

0S40: The Mars Climate
Orbiter (MCO) will
aerobrake from its initial
insertion orbit into a near-
polar, Sun-synchronous,
approximately 400-km
circular orbit and will
initiate mapping
operations no later than
May 2000, acquiring 70%
of the available science
data and relaying to Earth
70% of the data
transmitted at adequate
signal levels by the Mars
Polar Lander (MPL).

Assessment

Red

Annual
Performance
Goal and
APG #

0S41: MPL will
successfully land on Mars
in December 1999 and
operate its science
instruments for the 80-day
prime mission with at least
75% of planned science
data returned.

Assessment

Red
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Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 0S46: The Mars Global
Performance Surveyor (MGS) will

Goal and acquire 70% of science

APG # data available, conduct at
least two five-day
atmospheric mapping
campaigns, and relay to
Earth at least 70% of data
transmitted at adequate
signal levels by the Deep
Space-2 Mars
microprobes. (also shown
below, under “Mars, the
Moon, and small bodies”)

Assessment Green

Annual 0S33: Collect 85% of data

Performance acquired from the

Goal and International Solar-

APG # Terrestrial Physics
Program (ISTP) spacecraft
and successfully execute
the WIND trajectory plan.

Assessment Green
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Explore the solar system.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

Cassini: Continue
operations during the
quiescent cruise phase
without major anomalies,
conduct planning for the
Jupiter gravity-assist
flyby, and explore early
science data collection
opportunities. The
following in-flight activities
will be completed:
Instrument Checkout #2;
uplink Articulation and
Attitude Control
Subsystem (AACS)
software update with
Reaction Wheel Authority
capability; Command and
Data Subsystem Version 8;
and Saturn tour designs
for selection by the
Program Science Group.
#0S34

Assessment

Green

Annual
Performance
Goal and
APG #

0S35: Capture at least
90% of available Ulysses
science data. These will be
the only data observed
from outside-of-the-ecliptic
plane.

Assessment

Green
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Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual Average 12 hours of

Performance Voyager Interstellar

Goal and Mission data capture per

APG # day per spacecraft to
characterize the
heliosphere and the
heliospheric processes at
work in the outer solar
system as well as the
transition from the solar
system to interstellar
space. #0OS36

Assessment Yellow

Annual 0S37: Stardust: Continue

Performance spacecraft cruise

Goal and operations without major

APG # anomalies and perform
interstellar dust collection
for at least 36 days.

Assessment Green

Annual 0S38: FAST will return

Performance simultaneous data from

Goal and high-latitude, low-altitude

APG # magnetosphere locations
in the Sun-Earth
connected system through
solar maximum at the
required resolution and
accuracy with at least 85%
efficiency.

Assessment Green
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Explore the solar system.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

0S39: Collect and process
data from the
Interplanetary Monitoring
Platform (IMP-8, launched
in 1973), making data
from at least six
instruments available
within 15 months and the
magnetic field and plasma
data available within 2
months.

Assessment

Green

Annual
Performance
Goal and
APG #

0S48: ACE will measure
the composition and
energy spectra of heavy
nuclei in at least eight
solar energetic particle
events; maintain real-time
solar wind data
transmissions at least 90%
of the time; measure the
isotopic composition of a
majority of the “primary”
galactic cosmic ray
elements from carbon to
zinc; and provide browse
parameters within three
days for 90% of the year.

Assessment

Green
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Explore the solar system.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

0S47: Complete the
system CDR for the New
Millennium Deep Space-4
(Champollion) project
before the end of FYOO,
including successful
completion of the avionics
subsystem CDR and the
mechanical subsystem
CDR.

Assessment

Red

Annual
Performance
Goal and
APG #

0S58: The Advanced
Radioactive Power Source
(ARPS), which is a
partnership with the
Department of Energy to
develop small, robust,
highly efficient
radioisotope power
sources, will accomplish
the following five objectives
on time and within budget
in 2000: fabricate and test
15 prototype AMTEC cells
by January; complete the
final design of the AMTEC
cells by March; complete
the final design for a 75-
watt ARPS by April; begin
the prototype AMTEC four-
cell lifetime test by April;
and begin qualification
unit fabrication by
September.

Assessment

Red

PP SSE-33




Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 0S60: Complete and

Performance deliver for testing Solar-B’s

Goal and four Electrical Engineering

APG # Models in September
2000.

Assessment Yellow

Annual 0S61: Complete STEREO

Performance Phase A studies by June

Goal and 2000, including the release

APG # of an AO for investigations
with specific instruments
and selection of the
formulation phase
payload.

Assessment Yellow

Annual 0S64: Successfully

Performance complete a preliminary

Goal and design for either the

APG # Europa Orbiter or Pluto-
Kuiper Express mission
(whichever is planned for
earlier launch) that is
shown to be capable of
achieving the Category 1A
science objectives with
adequate cost, mass,
power, and other
engineering margins.

Assessment Red
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Explore the solar system.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 0S70: The first engineering
Performance model (EM-1) of the X2000
Goal and First Delivery will be
APG # delivered in September
2000. Successful
development includes the
integration of all EM-1
hardware, the functional
verification of delivered
hardware and software,
and the ability to support
ongoing testing, hardware
integration, and software
verification for delivered
software.
Assessment Red
Annual 1S4: Successfully develop
Performance and launch no fewer than
Goal and one of two missions within
APG # 10% of budget and
schedule. Missions are:
Mars Odyssey (‘01 Orbiter)
and Genesis. (Indicators
have also been established
for other projects in
development.)
Assessment TBD
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Explore the solar system.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

1S5: Obtain expected
scientific data from at least
80% of operating missions.
Missions are: Cassini,
Voyager, Ulysses,
SAMPEX, FAST, TRACE,
Stardust, Mars Global
Surveyor, and ISTP
spacecraft; also, if
successfully launched,
TIMED, HESSI, IMAGE,
Genesis, and Mars
Odyssey (‘01 Orbiter).

Assessment

TBD
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Explore the solar system.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

1S6: Perform innovative
scientific research and
technology development by
meeting technology
development objectives for
major projects, by
achieving mission success
in space physics rocket
and balloon flights, and by
making satisfactory
research progress in
related R&A and DA
programs. Meet no fewer
than 66% of the
performance objectives for
the following technology
and research programs
Solar-B, STEREO, Solar
Probe, Future Solar
Terrestrial Probes, Future
Deep Space Technology,
CISM, X2000, Sounding
Rockets, and Balloons.
Achieve a "fully effective"
(green) overall science
achievement rating from
the Space Science external
advisory committee.

APG
Assessment
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Understand the formation and evolution of the Solar System and the Earth within it.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

2S5: Earn external review
rating of “green,” on
average, on making
progress in the following
research focus areas:

Inventory and
characterize the
remnants of the original
material from which the
Solar System formed.
Learn why the planets in
our Solar System are so
different from each
other.

Learn how the Solar
System evolves.

Assessment

TBD
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Probe the evolution of life on Earth, and determine if life exists elsewhere in our Solar System.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 2S6: Earn external review
Performance rating of “green,” on

Goal and average, on making

APG # progress in the following
research focus areas:

® |Investigate the origin and
early evolution of life on
Earth, and explore the
limits of life in terrestrial
environments that might
provide analogues for
conditions on other worlds.

® Determine the general
principles governing the
organization of matter into
living systems and the
conditions required for the
emergence and
maintenance of life

® Chart the distribution of
life-sustaining
environments within our
Solar System, and search
for evidence of past and
present life.

® |dentify plausible
signatures of life on other
worlds.

Assessment TBD
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Understand our changing Sun and its effects throughout the Solar System.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 2S7: Earn external review
Performance

rating of “green,” on

Goal and average, on making

APG # progress in the following

research focus areas:

* Understand the origins
of long- and short-term
solar variability.

* Understand the effects of
solar variability on the
solar atmosphere and
heliosphere.

* Understand the space
environment of Earth
and other planets.

Assessment TBD
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Chart our destiny in the Solar System.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 2S8: Earn external review

Performance rating of “green,” on

Goal and average, on making

APG # progress in the following
research focus areas:

* Understand forces and
processes, such as
impacts, that affect
habitability of Earth.

» Develop the capability
to predict space
weather.

» Find extraterrestrial
resources and assess
the suitability of Solar
System locales for
future human
exploration.

Assessment

Discover planets around other stars.

Annual 9S12:Assemble and lab- 0S55: Development of the
Performance test the interferometer interferometer program for
Goal and beam combiner. This connecting the twin Keck
APG # state-of-the-art system 10-meter telescopes with
will approximately double | an array of four two-meter
observational efficiency by | class outrigger telescopes
using a new approach to will be tested by detecting
fringe detection. (Keck) and tracking fringes with
two test siderostats at two-
and ten-micron wave
Assessment Green Yellow
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Discover planets around other stars.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

0S52: The Space
Interferometry Mission
(SIM) System Testbed
(STB) will demonstrate, in
May 2000, that an rms
optical path difference can
be controlled at 1.5
nanometers, operating in
an emulated on-orbit
mode.

Assessment

Green

Annual
Performance
Goal and
APG #

0S54: Complete and
deliver a technology
development plan for the
Terrestrial Planet Finder
(TPF) mission by June
2000. This infrared
interferometer mission is
projected for a 2010
launch and requires the
definition of technologies
that will not be developed
or demonstrated by
precursor missions.

Assessment

Red
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Discover planets around other stars.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 1S7: Perform innovative

Performance scientific research and

Goal and technology development by

APG # meeting interferometry

technology development
objectives and by making
satisfactory research
progress in related R&A
programs. Meet no fewer
than 66% of the
performance objectives for
SIM, TPF, ST-3, Keck, and
R&A. Achieve a "fully
effective" (green) overall
science achievement rating
from the Space Science
external advisory
committee.

Assessment TBD

Look for signs of life in other planetary systems.

2S4: Earn external review

Annual rating of “green,” on

Performance average, on making

Goal and progress in the following

APG # research focus areas:

» Discover planetary
systems of other stars
and their physical
characteristics.

e Search for worlds that
could or do harbor life.

Assessment
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Search for life beyond Earth.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 9S13: Successfully
Performance complete and receive
Goal and scientific data from at
APG # least 8 of 10 planned
data-taking encounters
with Europa. (Galileo)
Assessment Green
Annual 9S14: Bring the total
Performance mapping coverage to
Goal and about 1 percent of the
APG # surface at about 30-meter
resolution, and
multispectral coverage
distributed over 50
percent of the surface at
lower resolution.
(Galileo)
Assessment Green
9S17: Initiate Institute
Annual operations by linking up
Performance to 8 institutions and
Goal and engaging approximately
APG # 50 investigators.
(Astrobiology Institute)
Assessment Green
Annual 0S56:The Europa Orbiter
Performance project will successfully
Goal and complete a PDR in March
APG # 2000 and will begin the
integration and test of the
Avionics Engineering
Model in July 2000.
Assessment Red
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Search for life beyond Earth.

|

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

1S8:Perform innovative
scientific research and
technology development by
meeting technology
development objectives
and by making satisfactory
research progress in the
related R&A program,
including the Astrobiology
program. Meet no fewer
than two of the three
performance objectives for
Europa Orbiter,
Astrobiology, and R&A.
Achieve a "fully effective"
(green) overall science
achievement rating from
the Space Science external
advisory committee.

Assessment

TBD

Annual
Performance
Goal and
APG #

1S14: Advance the search
for life beyond Earth by
successfully launching a
Mars mission, by obtaining
data from operational
spacecraft, and by
performing innovative
technology development.
Meet no fewer than two of
the three performance
objectives for Mars
Odyssey ('01 Orbiter),
Mars Global Surveyor, and
Terrestrial Planet Finder.

Assessment

TBD
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Investigate the composition, evolution, and resources on Mars, the Moon, and small bodies.

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 9S15: Achieve the final

Performance science orbit. (MGS)

Goal and

APG #

Assessment Green

Annual 9S19: Measure the

Performance topography with 10-meter

Goal and precision, about 100

APG # times more accurate than
previous measurements.
(MGS)

Assessment Blue

Annual 9S20: Provide high-

Performance resolution 1.5-meter

Goal and imaging data, 10 times

APG # more detailed than the
best imaging from the
1976 Viking mission.
(MGS)

Assessment Green
9S21: Provide the first

Annual thermal infrared

Performance spectrometry of the

Goal and planet. (MGS)

APG #

Assessment Green
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Investigate the composition, evolution, and resources on Mars, the Moon, and small bodies.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

1S10: Investigate the
composition, evolution,
and resources of Mars, the
Moon, and small bodies by
successfully launching a
Mars mission, by obtaining
data from operational
spacecraft, and by making
satisfactory progress in
related R&A and DA
programs. Meet no fewer
than 75% of the
performance objectives for
Mars Odyssey (‘01
Orbiter), CONTOUR, Mars
Global Surveyor, and R&A.
Achieve a "fully effective"
(green) overall science
achievement rating from
the Space Science external
advisory committee.

Assessment

TBD

Improve the r

eliability of space weather

forecasting.

Annual

9S22: Achieve complete

(Refer to Space Physics

Performance coverage (maximum and spacecraft targets under
Goal and minimum) of the solar “Explore the Solar
APG # cycle, an increase from 35 | System.”)
percent. (Space Physics
fleet of spacecraft)
Assessment Green
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Improve the reliability of space weather forecasting.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

1S11: Develop the
knowledge to improve the
reliability of space weather
forecasting by obtaining
scientific data from three
of five missions and by
making satisfactory
progress in related areas
in R&A and DA programs.
Meet no fewer than 75% of
the performance objectives
for R&A, ACE, SAMPEX,
TRACE, ISTP, and, if
successfully launched,
HESSI. Achieve a "fully
effective" (green) overall
science achievement rating
from the Space Science
external advisory
committee.

Assessment

TBD
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Improve the reliability of space weather forecasting.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 1S13: Further
Performance understanding of basic
Goal and natural processes and the
APG # effects of solar variability
on humans and
technology. Meet no fewer
than two of the three
performance objectives for:
Strategic Plan
Development, Solar
Dynamics Observatory,
and Research and Data
Analysis. Achieve a "fully
effective’ (green) overall
science achievement rating
from the Space Science
external advisory
committee.
Assessment TBD
Annual 9S24: Demonstrate an
Performance improvement in
Goal and measurement precision
APG # for optical path lengths in
laser light to the 100-
picometer (million-
millionths of a meter)
range. (Micro-Arcsecond
Metrology Testbed)
Assessment Yellow
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Improve the reliability of space weather forecasting.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 9S25: Demonstrate an
Performance advanced robotic
Goal and manipulator with an
APG # order of magnitude
performance improvement
compared to the
manipulator used on
Viking in 1976. (Robotic
Manipulator, Mars Polar
Lander)
Assessment Green
Annual 0S49: Information
Performance Systems R&T will
Goal and demonstrate the search,
APG # discovery, and fusion of
multiple data products at
a major science meeting.
Accomplish and document
the infusion of five
information systems R&T
efforts into flight projects
or the broad research
community. Space science
data services shall be
acknowledged as enabling
for two interdisciplinary
collaborations.
Assessment Green
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Improve the reliability of space weather forecasting.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

0S50: The Remote
Exploration and
Experimentation element
of the HPCC program will
demonstrate software-
implemented fault
tolerance for science
teams’ applications on a
first-generation embedded
computing testbed, with
the applications’ sustained
performance degraded by
no more than 25% at fault
rates characteristic of deep
space and low-Earth orbit.

Assessment

Yellow

Annual
Performance
Goal and
APG #

In April 2000, the Center
for Integrated Space
Microelectronics will
deliver to the X2000 First
Delivery project the first
engineering model of an
integrated avionics system
that includes the
functionality of command
and data handling,
attitude control, power
management and
distribution, and science
payload interface. The
system will be used on the
Europa Orbiter and other
missions. #0OS57

Assessment

Red
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Develop new technologies needed to carry out innovative and less costly mission and research concepts.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

1S12: Plan, develop, and
validate new technologies
needed to enable future
research and flight
missions by achieving
performance objectives in
the space science core
technology programs and
by making progress as
planned in the Flight
Validation program. Meet
no fewer than 66% of the
performance objectives for
Information Systems, High
Performance Computing,
Explorer Program
Technology, and Flight
Validation.

Assessment

TBD

Acquire new technical approaches and capabilities. Validate new spacecraft capabilities in space. Apply and transfer

technology.

Annual 2S10: Earn external

Performance review rating of “green” on

Goal and making progress in the

APG # following technology
development area:

» Focus technology
development on a well-
defined set of
performance
requirements covering
the needs of near-term to
mid-term strategic plan
missions.

Assessment TBD
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Acquire new technical approaches and capabilities. Validate new spacecraft capabilities in space. Apply and transfer

technology.
| FY 1999 FY 2000 EY 2001 EY 2002
2S11: Earn external
Annual review rating of “green” on
Performance making progress in the
Goal and following technology
APG # validation area:

* Formulate and
implement cost-effective
space demonstrations of
selected technologies on
suitable carriers.

Assessment TBD

Incorporate education and enhanced public understanding of science as integral components of space science missions and

research.

Annual 9S26: Account for 4

Performance percent of the 150 “most

Goal and important science stories”

APG # in the annual review by
Science News.

Assessment Green

Annual 9S27: Account for no less

Performance than 25 percent of total

Goal and contributions to the

APG # college textbook
Astronomy: From the
Earth to the Universe.

Assessment Green

Annual 9S28: Each new Space

Performance Science Enterprise

Goal and mission initiated in FY

APG # 1999 will have a funded
education and outreach
program.

Assessment Green
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Incorporate education and enhanced public understanding of science as integral components of space science missions and

research.
| FY 1999 FY 2000 FY 2001 FY 2002
Annual 9S29: The Space Science | 0S67: Successful
Performance Enterprise will complete achievement of at least
Goal and an organized network of seven of the following eight
APG # contacts by the end of FY | objectives will be made.

1999 to work with
educators and space
scientists to formulate
and implement space
science education and
outreach programs. This
network will be available
to every state in the
United States.

(1) Each new Space
Science mission will have a
funded education and
outreach program. (2) By
the end of FY0O, 10% of all
Space Science research
grants will have an
associated education and
outreach program under
way. (3) Twenty-six states
will have Enterprise-
funded education or
outreach programs
planned or underway. (4)
At least five research,
mission development/
operations, or education
programs will have been
planned/undertaken in
Historically Black Colleges
and Universities, Hispanic
Serving Institutions, or
Tribal Colleges, with at
least one project underway
in each group. (5) At least
three national and two
regional educational or
outreach conferences will
be supported with a
significant Space Science
presence. (6) At least
three exhibits or
planetarium shows will be
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on display. (7) An online
directory providing
enhanced access to major
Space Science-related
products and programs
will be operational by end
of the fiscal year. (8) A
comprehensive approach
to assessing the
effectiveness and impact of
the Space Science
education and outreach
efforts will be under
development, with a pilot
test of the evaluation
initiated.

Assessment

Green

Green

Make education and enhanced public understanding of science an integral part of our missions

and research.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

1S9: Continue and expand
the integration of
education and enhanced
public understanding of
science with Enterprise
research and flight mission
programs. Meet no fewer
than 75% of the eight
performance objectives for
education and public
outreach.

Assessment

TBD

PP SSE-55




Share the excitement of space science discoveries with the public. Enhance the quality of science, mathematics, and
technology education, particularly at the pre-college level. Help create our 21° Century scientific and technical workforce.

FY 1999

FY 2000

FY 2001

FY 2002

Annual
Performance
Goal and
APG #

2S512: Earn external review
rating of “green,” on average,
on making progress in the
following focus areas:

Incorporate a
substantial, funded
education and outreach
program into every space
science flight mission
and research program.
Increase the fraction of
the space science
community that
contributes to a broad
public understanding of
science and is directly
involved in education at
the pre-college level.
Establish strong and
lasting partnerships
between the space
science and education
communities.

Develop a national
network to identify high-
leverage education and
outreach opportunities
and to support long-term
partnerships.

Provide ready access to
the products of space
science education and
outreach programs.
Promote the
participation of
underserved and

PP SSE-56




underutilized groups in
the space science
program by providing
new opportunities for
minorities and minority
universities to compete
for and participate in
space science missions,
research, and education
programs.

» Develop tools for
evaluating the quality
and impact of space
science education and
outreach programs.

Assessment TBD

Multi-theme / support all objectives.

| FY 1999 FY 2000 FY 2001 FY 2002
Annual 0S68: Conduct research
Performance and analysis.

Goal and

APG #

Assessment Green

Annual 0S69: Conduct data
Performance analysis.

Goal and

APG #

Assessment Green
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Support of Strategic Plan Science Objectives; Development/ Near-Term Future Investments (supports all objectives under

the Science goal)

| FY 1999 FY 2000 FY 2001 FY 2002

Annual 2S59: Earn external review
Performance rating of “green” on making
Goal and progress in the following
APG # area:

» Design, develop, and
launch projects to
support future research
in pursuit of Strategic
Plan science objectives.

Assessment TBD
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Space Science Enterprise FY 2002

Annual Performance Goal & APG #

Budget Category

SIRTF

HST Development

GP-B

SOFIA

STEREO

Payloads

Explorers

Discovery

Mars Surveyor

Operating Missions

SR&T

2S1: Earn external review rating of “green,” on average, on making
progress in the following research focus areas: (1) Identify dark matter and
learn how it shapes galaxies and systems of galaxies. (2) Determine the
size, shape, age, and energy content of the universe.

2S2: Earn external review rating of “green,” on average, on making
progress in the following research focus areas: (1) Discover the sources of
gamma ray bursts and high energy cosmic rays. (2) Test the general
theory of relativity near black holes and in the early universe, and search
for new physical laws using the universe as a laboratory. (3) Reveal the
nature of cosmic jets and relativistic flows.

2S3: Earn external review rating of “green,” on average, on making
progress in the following research focus areas: (1) Observe the formation
of galaxies and determine the role of gravity in this process. (2) Establish
how the evolution of a galaxy and the life cycle of stars influence the
chemical composition of material available for making stars, planets, and
living organisms. (3) Observe the formation of planetary systems and
characterize their properties. (4) Use the exotic space environments within
our Solar System as natural science laboratories and cross the outer
boundary of the Solar System to explore the nearby environment of our
galaxy.
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Space Science Enterprise FY 2002

2S4: Earn external review rating of “green,” on average, on making
progress in the following research focus areas: (1) Discover planetary
systems of other stars and their physical characteristics. (2) Search for
worlds that could or do harbor life.

2S5: Earn external review rating of “green,” on average, on making
progress in the following research focus areas: (1) Inventory and
characterize the remnants of the original material from which the Solar
System formed. (2) Learn why the planets in our Solar System are so
different from each other. (3) Learn how the Solar System evolves.

2S6: Earn external review rating of “green,” on average, on making
progress in the following research focus areas: (1) Investigate the origin
and early evolution of life on Earth, and explore the limits of life in terrestrial
environments that might provide analogues for conditions on other worlds.
(2) Determine the general principles governing the organization of matter
into living systems and the conditions required for the emergence and
maintenance of life. (3) Chart the distribution of life-sustaining
environments within our Solar System, and search for evidence of past and
present life. (4) Identify plausible signatures of life on other worlds.

Budget Category

SIRTF

HST Development

GP-B

SOFIA

STEREO

Payloads

Explorers

Discovery

Mars Surveyor
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Space Science Enterprise FY 2002

2S7: Earn external review rating of “green,” on average, on making
progress in the following research focus areas: (1) Understand the origins
of long- and short-term solar variability. (2) Understand the effects of solar
variability on the solar atmosphere and heliosphere. (3) Understand the
space environment of Earth and other planets.

2S8: Earn external review rating of “green,” on average, on making
progress in the following research focus areas: (1) Understand forces and
processes, such as impacts, that affect habitability of Earth. (2) Develop
the capability to predict space weather. (3) Find extraterrestrial resources
and assess the suitability of Solar System locales for future human
exploration.

2S9: Earn external review rating of “green” on making progress in the
following area: Design, develop, and launch projects to support future
research in pursuit of Strategic Plan science objectives.

2S10: Earn external review rating of “green” on making progress in the
following technology development area: Focus technology development on
a well-defined set of performance requirements covering the needs of near-
term to mid-term strategic plan missions.

Budget Category

SIRTF

HST Development

GP-B

SOFIA

STEREO

Payloads

Explorers

Discovery

Mars Surveyor
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Space Science Enterprise FY 2002

2S11: Earn external review rating of “green” on making progress in the
following technology validation area: Formulate and implement cost-
effective space demonstrations of selected technologies on suitable
carriers.

2S12: 'Earn external review rating of “green,” on average, on making
progress in the following focus areas: (1) Incorporate a substantial, funded
education and outreach program into every space science flight mission
and research program. (2) Increase the fraction of the space science
community that contributes to a broad public understanding of science and
is directly involved in education at the pre-college level. (3) Establish
strong and lasting partnerships between the space science and education
communities. (4) Develop a national network to identify high-leverage
education and outreach opportunities and to support long-term
partnerships. (5) Provide ready access to the products of space science
education and outreach programs. (6) Promote the participation of
underserved and underutilized groups in the space science program by
providing new opportunities for minorities and minority universities to
compete for and participate in space science missions, research, and
education programs. (7) Develop tools for evaluating the quality and
impact of space science education and outreach programs.

Budget Category

SIRTF

HST Development

GP-B

SOFIA

STEREO

Payloads

Explorers

Discovery

Mars Surveyor
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Earth Science Enterprise (ESE)
Mission

The mission of NASA's Earth Science Enterprise (ESE) is to develop a scientific understanding of the Earth system and its response
to natural and human-induced changes to enable improved prediction of climate, weather, and natural hazards for present and
future generations. NASA brings to this endeavor the vantage point of space, allowing global views of Earth system change. NASA
is a provider of objective scientific information, via observation, research, modeling, and applications demonstration, for use by
decision-makers in both the public and private sectors. NASA has been studying the Earth from space from its beginnings as an
agency. These efforts have led to our current activity of deploying the first series of Earth Observing System satellites that will
concurrently observe the major interactions of the land, oceans, atmosphere, ice, and life that comprise the Earth system.

We know that natural and human-induced changes are acting on the Earth system. Natural forces include variation in the Sun’s
energy output, and volcanic eruptions, which spew dust into the atmosphere and scatter incoming sunlight. Human forces include
deforestation, carbon emission from burning of fossil fuels, methane and soil dust production from agriculture, and ozone depletion
by various industrial chemicals. Internal climate factors such as atmospheric water vapor and clouds also introduce feedbacks that
serve to either dampen or enhance the strength of climate forcing. We also know the climate system exhibits considerable
variability in time and space, i.e., both short and long term changes and regionally specific impacts.

NASA introduced the concept of Earth System Science. Researchers have constructed computer models to simulate the Earth
system, and to explore the possible outcomes of potential changes they introduce in the models. This way of looking at the Earth as
a system is a powerful means of understanding changes we see around us. That has two implications for Earth Science. First, we
need to characterize (that is, identify and measure) the forces acting on the Earth system and its responses. Second, we have to
peer inside the system to understand the source of internal variability: the complex interplay among components that comprise the
system.

Earth system changes are global phenomena. Yet the system comprises many micro-scale processes, and the most significant
manifestations are regional. Thus, studying such changes requires a global view at regionally discerning resolutions. This is where
NASA comes in, bringing the unique capability to study planet Earth from the vantage point of space. By combining observations,
research and modeling, we create a capability to predict Earth system change to help our partners produce better forecasts of
change.

To characterize the forces acting on the Earth system and its responses, understand the source of internal variability and predict

Earth system change, NASA must observe the Earth, conduct research and analysis of the data, model the data and synthesize the
information into new knowledge. Where we are on this knowledge "life cycle” determines the strategy for our investment decisions.
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Implementation Strategy

The ESE is pursuing a targeted research program, focused on a set of specific science questions that can be addressed effectively
with NASA's capabilities. ESE formulates comprehensive research strategies that can lead to definitive scientific answers and to
effective applications for the nation.

The key Earth Science research topics sponsored by NASA fall largely into three categories: forcings, responses, and the processes
that link the two and provide feedback mechanisms. This conceptual approach applies in essence to all research areas of NASA's
Earth Science program, although it is particularly relevant to the problem of climate change, a major Earth Science-related
challenge facing our nation and the rest of the world. The ESE has articulated an overarching question and a set of strategic science
questions which its observational programs, research and analysis, modeling, and advanced technology activities are directed at
answering.

How is the Earth system changing, and what are the consequences for life on Earth?
How is the global Earth system changing?
What are the primary causes of change in the Earth system?
How does the Earth system respond to natural and human-induced changes?
What are the consequences of changes in the Earth system for human civilization?

How can we predict future changes in the Earth system?

In this and subsequent Performance Plans, NASA’s annual results in Earth Science will be measured in terms of progress made
toward answering these questions. Accordingly, the assessment of performance against the first strategic goal is structured in the
form of key questions whose answers are provided by the ongoing mission of NASA’s Earth Science program. While these questions
will be answered over a period greater than a single year, the general nature of activities in FY02 focuses on completion of the first
EOS series and characterization of the forces acting on the Earth system and its responses.

Earth Science is science in the national interest. NASA is pleased to play a leadership role in exploring and understanding our
home, Earth. This ESE Performance Plan describes our planned accomplishments toward this great endeavor in Fiscal Year 2002.
These planned accomplishments, while important and useful in their own right, are essential stepping stones on the path to
answering ESE’s science questions over the next decade.
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Figure 1. Strategic Roadmap for the Earth Science Enterprise
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Resource Requirements

(NOA, dollars in millions)

FY1999 FY 2000 FY 2001 FY 2002
$M 1413.8 1443.4 1484.6 1278.0
Civil Service FTE 1,365 1,907 1,750 1,679

Performance Measures

Enterprise Mission: Develop a scientific understanding of the Earth system and its response to natural and human-induced
changes to enable improved prediction of climate, weather, and natural hazards for present and future generations.

NASA’s ESE is dedicated to understanding the total Earth system and the effects of natural and human-induced changes on the
global environment. The vantage point of space provides information about Earth's land, atmosphere, ice, oceans and biota that is
obtainable in no other way. Programs of the ESE study the interactions among these components to advance the new discipline of
Earth System Science. Our research results contribute to the development of sound environmental policy and economic investment
decisions.

NASA's ESE also develops innovative technologies and applications of remote sensing for solving practical societal problems in
agriculture and food production, natural hazard mitigation, water resources, regional planning, and national resource management
in partnership with other Federal agencies, with industry, and with state and local governments. Earth Science discoveries are
shared with the public to enhance science, mathematics, and technology education and increase the scientific and technological
literacy of all Americans. ESE combines the excitement of scientific discovery with the reward of practical contribution to the
sustainability of planet Earth.

Strategic Goal (I): Observe, understand, and model the Earth system to learn how it is changing, and
the consequences for life on Earth.

NASA's Earth observing and research program elements are the principal means by which global-scale questions about our home
planet are posed and answered. These elements identify the variability in the Earth system, the forces responsible for change, the
responses of the Earth system to changes, and the consequences and predictability of future change. Nations and industries make
billions of dollars worth of investment decisions yearly that will be better informed by the information and understanding we
provide.
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Objective (1A): Discern and describe how the Earth is changing.

Annual Performance Goal 2Y1: Increase understanding of global precipitation, evaporation and how the cycling of water through
the Earth system is changing by meeting at least 3 of 4 performance indicators.

It is important to establish a baseline for determining the existence or absence of significant trends in the water cycle, and the
extent to which observed changes match predictions. Acceleration of the global water cycle could result in intensification
and/or redistribution of rainfall patterns, severe storm frequency, droughts and glacial melting. Understanding of the water
cycle enables prediction of freshwater availability.

Combine analysis of global water vapor, precipitation and wind data sets to decipher variations (and possible trends) in the
cycling of water through the atmosphere and their relation to Sea Surface Temperature changes.

Analyze data from polar and geostationary satellites in a consistent fashion over at least two decades to evaluate whether the
detectable moisture fluxes are increasing beyond the expected ranges of natural variability.

Determine the time and spatial variability of the occurrence of strong convection regions, precipitation events, and areas of
drought to assess whether or not there are discernable global changes in the distribution of moisture availability useful to
food and fiber production and management of fresh water resources.

Establish passive and active rainfall retrievals of zonal means to establish a calibration point for long-term data records of
the World Climate Research Program, Global Precipitation Climatology Project (GPCP).

Annual Performance Goal 2Y2: Increase understanding of global ocean circulation and how it varies on interannual, decadal,
and longer time scales by meeting 2 of 2 performance indicators.

Establishing the basis for variations in the temperature and circulation of the upper ocean can be used to help assess any
changes that may be affecting the Earth’s weather and climate, including El Nifio phenomena.

Routine (every ten days) analysis from a data-assimilating global ocean model, using NASA satellite observations, will be
used to evaluate ocean circulation changes. [http://www.ecco.ucsd.edu/]

Sponsor research and satellite data analysis to develop and publish the trends in the duration and dynamics of the sea ice
season for the Arctic and Antarctic polar sea ice covers for the period 1979-1999.
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Annual Performance Goal 2Y3: Increase understanding of global ecosystems change by meeting at least 3 of 4 performance
indicators.

The activity establishes the basis for short-term, seasonal and inter-annual variability of ecosystems and provides a baseline
against which to evaluate future change. Measurements of seasonal, annual and inter-annual changes in ecosystems are used
to estimate productivity in agriculture, forestry, fisheries and Earth’'s unmanaged lands and oceans.

* Merge Moderate-Resolution Imaging Spectroradiometer (MODIS) instrument and Sea-viewing Wide Field-of-view Sensor
(SeaWiFS) data to increase the global ocean color data coverage by 25% from a baseline of 17% per day.

e Test our ability to discriminate phytoplankton from other constituents in coastal waters using observations of phytoplankton
fluorescence observations acquired by MODIS.

* Release first comprehensive validation of MODIS land data products using results from the South African Fire-Atmospheric
Research Initiative (SAFARI 2000) field campaign and related field validation programs.

» Establish a quantitative relationship between vegetation indices time series derived from Advanced Very High-Resolution
Radiometer (AVHRR) and MODIS to ensure long-term continuity and comparability of time series.

Annual Performance Goal 2Y4: Increase understanding of stratospheric ozone changes, as the abundance of ozone-destroying
chemicals decreases and new substitutes increases by meeting 2 of 2 performance indicators.

Reduction in atmospheric ozone amounts leads to an increased flux of ultraviolet radiation at the Earth’s surface, with harmful
effects on plant and animal life including human health.

» Provide continuity of calibrated data sets for determining long term trends in the total column and profile abundances of
stratospheric ozone with sufficient precision to enable the later assessment of expected ozone recovery.

» Characterize the inter-annual variability and possible long-term evolution of stratospheric aerosol characteristics and profile
abundances to assist in the interpretation of observed ozone changes and Chemistry-climate interactions. This requires a
combination of consistently processed data records from ground-based, airborne, balloon-borne, and space-based
measurements.

Annual Performance Goal 2Y5: Increase understanding of change occurring in the mass of the Earth’s ice cover by meeting at
least 3 of 4 performance indicators.

Sea level is estimated to have been rising by about 2 mm/year over the last century. Possible contributions to this change

include thermal expansion of the oceans and the loss of ice from glaciers and the large ice sheets. Of these, the large ice sheets
present the greatest uncertainty in terms of their contribution to sea level rise and also represent the greatest potential threat to
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the coastal ecosystems and infrastructure. It is therefore important to establish whether polar regions are in the process of
losing mass and contributing to the current observed sea level rise.

» Submit for publication the first Greenland ice sheet accumulation rate and its inter-annual variability maps for the period
1975-98.

» Provide the first record of changes and variability in extent of Greenland ice sheet surface melt over the 21 years, 1979-
1999, and submit for publication.

* Produce the first map of Antarctic ice sheet margin change, 1997-2000, covering key regions of the Antarctic coastline and
submit this for publication.

» Define parameters for separating post-glacial rebound from ice mass changes based on Gravity Recovery And Climate
Experiment (GRACE) and Ice, Clouds, and Land Elevation Satellite (ICESat) observations.

Annual Performance Goal 2Y6: Increase understanding of the motions of the Earth, the Earth's interior, and what information
can be inferred about the Earth’s internal processes by meeting at least 3 of 4 performance indicators.

Motions of the Earth’s Interior are the forcings which drive earthquakes, volcanoes and build our mountains and valleys.
Knowledge, which has been building over the past decades, has led to a quantum leap in our understanding of how our planet
has evolved. Through this new knowledge has come a better understanding of natural hazards and natural resource
assessment. Technological by-products include better navigation (including civilian Global Positioning System (GPS)), the
tracking of ocean height variability and the attendant visualization of EL Nino and related phenomena to name just a few of
many applications.

» Produce first estimate of the secular (Long-Term) change of the Earth’s magnetic field from continuous satellite
measurements of the geomagnetic field. Estimate the long-term variation to 3 nano TeslaZyr or better which is equivalent to
a change of 1 part in 20,000.

« Complete the evaluation of the Continuous Observations of the Rotation of the Earth (CORE) concept to demonstrate a
nearly 300% improvement in Earth rotation precision using the new Mark IV correlator technology and an international
consortium of Very Long Baseline Interferometry (VLBI) observatories.

e« Complete Solar Laser Ranging 2000 (SLR2000) prototype development and begin evaluation of the performance of new
SLR2000 automated satellite ranging station.

« Evaluate the ability of the real-time precision GPS positioning software to produce better than 40 cm global real-time
positioning using NASA's Global GPS Network.
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« Complete preliminary algorithms for mass flux estimation from temporal gravity field observations in preparation for the
GRACE mission.

Objective (I1B): Identify and measure the primary causes of change in the Earth system.

Annual Performance Goal 2Y7: Increase understanding of trends in atmospheric constituents and solar radiation and the role
they play in driving global climate by meeting at least 3 of 4 performance indicators.

Solar radiation is the primary external force acting on Earth's climate. Atmospheric constituents, clouds and aerosols drive the
climate system; changes in their concentration/distribution will contribute to climate change through a variety of processes.

» Provide continuity of 22 years of concentration measurements (and associated standards development) of anthropogenic and
naturally occurring halogen-containing chemicals and other chemically active greenhouse gases to provide for an
understanding of future changes in ozone and climate forcing.

» Use data assimilation techniques to combine Carbon Monoxide and Methane measurements from Measurements of Pollution
in the Troposphere (MOPITT) with chemical transport models of the atmosphere to help characterize interannual differences
in global emissions.

» Provide first comprehensive multi-instrument/multi-angle integrated data set for study of sources/sinks and distribution of
tropospheric aerosols over land based on data from Total Ozone Mapping Spectrometer (TOMS), MODIS, and Multi-angle
Imaging Spectroradiometer (MISR) instruments.

* Reduce the uncertainty in the retrievals of upper troposphere / lower stratosphere water vapor (from microwave soundings)
by 10 - 30% through improved laboratory spectroscopic measurements of the water vapor continuum.

Annual Performance Goal 2Y8: Increase understanding about the changes in global land cover and land use and their causes by
meeting at least 2 of 3 performance indicators.

Change in land cover and land use is the dominant present-day forcing of change in terrestrial and coastal ecosystems and
constitutes our largest uncertainty in the global carbon budget. Understanding the human and biophysical factors that cause
land cover and land use change will be essential for assessing consequences for food production, natural resources availability,
and resource management as well as for predicting future global changes.

» Publish the first set of regional land cover and land use change case studies and a synthesis of their results.
* Characterize the role of land cover changes associated with natural fires in determining the carbon balance of ecosystems in

at least two major regions of the boreal forests, quantify their impact on the global carbon budget, and submit the results for
publication.
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* Characterize the role of deforestation in the carbon balance of ecosystems of the Amazonian tropical forest, quantify the
impact on the global carbon budget, and submit the results for publication.

Annual Performance Goal 2Y9: Increase understanding of the Earth's surface and how it is transformed and how such
information can be used to predict future changes by meeting at least 4 of 5 performance indicators.

This effort is leading to a better understanding of natural events/processes that transform or change the topographic surface of
the Earth, and the impact of such changes on human activities. Progress toward answering this question will lead to a better
understanding of the risk of natural hazards and societies vulnerability to natural disasters. By products of these activities
include better topographic maps of the Earth surface. These are important to many endeavors such as airplane landing and
routing, watershed assessment, and roadway planning. Risk assessment for natural hazards such as flooding, earthquakes,
landslides and volcanoes is becoming increasingly important as societal resources are developed and concentrated in vulnerable
areas.

« Begin 5-yr assessment of utility of completed Southern California Integrated GPS Network in understanding tectonic
activities.

« Perform a new integrated earthquake risk assessment of the Los Angeles basin based on continued measurement of
accumulated strain in the southern California region.

e Continue providing the Digital Elevation Models (DEM) of the Earth for scientific studies and practical applications.

» Evaluate the utility of single frequency GPS array technology for assessing volcanic deformation processes.

» Characterize and model topographic evolution processes in at least two major tectonically active regions of the world and
publish results.

Objective (IC): Determine how the Earth system responds to natural and human-induced changes.

Annual Performance Goal 2Y10: Increase understanding of the effects of clouds and surface hydrologic processes on climate
change by meeting at least 4 of 5 performance indicators.

It is important to establish a basis for determining the vertical distribution and optical properties of cloud particles to provide
measurement-based estimates of atmospheric heating rather than relying on climatological statistics or models. Clouds are the
most important factor that controls the Earth's radiation balance, which, along with evaporation and condensation of
atmospheric and surface water, drives the major weather systems. Thus, determining the vertical distribution and optical
properties of cloud particles will ultimately lead to better climate predictions. Soil moisture is an important land surface state
variable, currently unmeasured at large spatial scales, that also affects weather and climate.
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Continue assembling and processing of satellite data needed for the multi-decadal global cloud Climatology being developed
under the International Satellite Cloud Climatology Project (ISCCP). Reduce uncertainty (3-7% in monthly mean) in the
current ISCCP dataset of globally observed cloud characteristics, particularly in the polar regions, by comparing it with new
satellite datasets that provide new constraints on the derived quantities and with in situ ground-based and airborne
measurements.

Initiate development of the Cirrus Regional Study of Tropical Anvils and Layers (CRYSTAL) field study to determine the upper
tropospheric distribution of ice particles and water vapor and associated radiation fluxes on storms and cloud systems, and
on cloud generation, regeneration and dissipation mechanisms and their representation in both regional-scale and global
climate models.

Improve the determinations of radiation forcings and feedbacks, and thereby increase accuracy in our knowledge of heating
and cooling of the Earth's surface and atmosphere. Continue the analysis of global measurements of the radiative properties
of clouds and aerosol particles being made by MISR and Clouds and the Earth's Radiant Energy System (CERES)
instruments on the Terra and Aqua spacecraft.

Demonstrate over a variety of landscapes the capability to measure and diagnose soil moisture from airborne platforms, in
preparation for a space-flight trial of soil moisture remote sensing.

Improve the understanding and modeling of the aerosol radiative forcing of climate and its anthropogenic component (reduce
current uncertainties of 0.1 to 0.05 in the aerosol column optical thickness and 1 to 0.4 in the Angstrom coefficient).
Develop and validate aerosol retrieval and cloud screening algorithms, and processing of satellite data and transport model
evaluations for a 20-year Climatology of aerosol optical thickness and particle size.

Annual Performance Goal 2Y11: Increase understanding of how ecosystems respond to and affect global environmental change
and affect the global carbon cycle by meeting at least 4 of 5 performance indicators.

Today, Earth's ecosystems are experiencing multiple, interacting, changing environmental conditions, and it will be vitally
important to understand the implications of their responses, including some that may surprise us, for sustained agriculture,
forestry, and fisheries, and for the continued provision of ecosystem goods and services that are valuable to human societies. We
also need to know how their responses provide feedback to the atmosphere through fluxes of water, energy, and trace gases.
Most importantly, we must develop understanding of the past, present, and future role of ecosystems as sources and sinks of
carbon and in regulating the global carbon cycle.

Demonstrate the feasibility of using remote sensing imagery to identify functional groups of phytoplankton in the ocean.

Develop a relationship between oceanic primary productivity and export of carbon to the deep-sea based on remote sensing
observations and ocean biology models.

PP ESE-10



« Conduct airborne remote sensing campaign in Amazonia to evaluate measurement approaches for vegetation recovery and
biomass change following forest clearing and impact of this secondary growth on removal of water from the atmosphere.

« Assemble and publish the first comprehensive regional analysis of the linkages between land-atmosphere interaction
processes and the relationship between trace gas and aerosol emissions and the consequences of their deposition to the
functioning of the ecosystems of southern Africa.

« Conduct diagnostic analysis of results from new carbon cycling models that improve the treatment of land use and land
management and incorporate the effects of nutrient deposition as well as climate change, carbon dioxide enrichment, and
land cover change to assess interrelation among these multiple factors affecting these ecosystems.

Annual Performance Goal 2Y12: Increase understanding of how climate variations induce changes in the global ocean
circulation by meeting at least 4 of 6 performance indicators.

Ocean circulation patterns strongly influence regional climates, yet these are known to have exhibited variability. For example,
circulation associated with the north Atlantic "conveyor" belt, including the Gulf Stream, provides for the relatively mild climate
of northern Europe. Changes in such large-scale ocean circulation could significantly impact the habitability of this region.

Diagnostic analysis of seasonal and interannual variability induced in the interior ocean based on forcing of an ocean model
with three years of high resolution ocean winds (Ocean Surface Vector Winds Science Team).

Near decade-long sea surface topography time series will be assimilated into high resolution Pacific Ocean model to elucidate
the mechanisms of the Pacific Decadal Oscillation and its impact on seasonal/decadal climate variations.

From Ocean Topography Experiment (TOPEX) time series, in situ observations of the World Ocean Data Assimilation
Experiment, and assimilation of these data into ocean models, ascertain whether detectable changes in the deep ocean have
occurred over the last decade.

Submit for publication the first estimate of the inter-annual variability of Arctic Ocean seasonal ice production and heat and
brine flux, from three years of Canadian Radar Satellite (RADARSAT) observations.

Complete a preliminary review of how data assimilation techniques are currently being used to improve knowledge of the
polar oceans (in particular the Arctic), through convening a workshop. Provide recommendations that outline the way
forward for future application of data assimilation techniques for polar oceans research in NASA's ESE.

Submit for publication twent